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Rivers as Integrators of Terrestrial and Aquatic C Cycling
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Inland Waters as Reactors of Terrestrial Carbon

Active Aquatic Ecosystem Model

(Cole & others 2007; Tranvik & others 2009, SOCCR2)

CO, & CH, evasion
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WHAT IS AQUATIC CARBON?

e Carbon Gases

* Dissolved Inorganic Carbon

* Dissolved Organic Carbon
* Particulate Organic Carbon

* Particulate Inorganic Carbon
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=USGS  Permafrost Thaw & Lateral C Exports
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Permafrost Degradation is Inferred by Changes in
Hydrology, Mineral Weathering Products & C Exports

* BASIN SCALE

(Striegl et al. 2005; Frey & McClelland, 2009; Tank et
al. 2016)

(Walvoord & Striegl 2007)
(Wellman et al. 2013)

(Walvoord et al., 2012)

(Tank et al. 2012; 2016)

* INTERMEDIATE SCALE
(Dornblaser & Striegl 2015)

But what about an aged '4C signal from permafrost thaw?
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Seasonal Shifts in A'4C Reflect Changes in

Flowpath and Water Source

@l Spring Snowmelt
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Seasonal Shifts in Dominant Stream Source

Surface Runoff
Dominant in Spring Seasonal thaw & DOM source
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What are the chemical character |

and biodegradability of direct
| runoff from permafrost thaw?
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What’s different
about the hydrology
and composition of

permajfrost DOC?

Recent focus: DOC from
Pleistocene loess (yedoma)
in the Yukon and Kolyma
basins.

Vonk et al., 2013; Mann et al. 2015;

Thick sediments

Spencer et al., 2015; Dl’ake et CI/, 2015 I Yedoma largely unaffected by thaw cycles  mmmmm Continuous permafrost

Region of potential yedoma distribution Discontinuous permafrost
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Yukon Flats, Interior ALASKA:
Physical and Chemical Characteristics of a Lake-Rich Lowland Undergoing Change

CROSS-SCALE CHARACTERIZATION

Satellite Remote Sensing ‘ne Mapping Synoptic Sampling
Regional lake area Airborne Lake & stream water ~ Continuous
dynamics (Landsat) electromagnetic  chemistry surveys hydrological &WQ
surveys monitoring
B T Sty
: s , V:.:‘.: ~'§l BN

Through cross-scale investigations, we aim to coalesce process-based understanding
and large-scale observations - - ultimately advancing prediction capability.
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|. Carbon source strength

Wide Range in Permadfrost Soil C -Content & Leachability
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¢ Holocene Active Layer

Holocene Permafrost

A Pleistocene Permafrost (non-Yedoma)
Yedoma

Wickland, unpublished



I. Carbon source strength
DOC Release from Active-Layer & Near-surface (<1im) Permafrost Soils

e Active Layer For a given soil C content or radiocarbon age, near-surface
e Permafrost permafrost soils yield more DOC upon thaw than active-
layer soils immediately above the permafrost boundary.

Turbels R*=0.68

Histels and Turbels,
the most spatially
abundant
permafrost soils,
have the greatest
potential for
increased DOC
release with near-
surface permafrost
thaw.

Turbels




ll. Carbon and water flow path & residence time

> Thaw > Infiltration > Residence Time & GW Contribution to Flow
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Il. Carbon and water flow path & residence time

Subsurface conditions are locally variable and transient =
Wide range in hydraulic connectivity & water residence time
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BDOC (% loss)
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[ll. Carbon chemistry &
degradability

Vonk et al., Biogeosciences 2015




lll. Carbon chemistry & degradability

RECENT ADVANCES:
Yedoma DOC runoff preferentially degraded relative
to modern DOC (Mann et al, Nature Comm, 2015)

Rapid biodegradation of aliphatics in DOC from
headwater streams (Spencer et al, GRL, 2015)

Large amounts of low molecular weight (LMW)

organic acids (acetate) in yedoma permafrost DOM (Ewing et
al, GRL, 2015)

Very rapid biodegradation of LMW organic acids

(acetate & butyrate) & CO, production in yedoma leachates
(Drake et al, PNAS, 2015)

Accumulation of LMW DOC in near-surface
- permafrost soils (Wickland et al, submitted ERL)
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., Il., lll. Carbon source, residence time & degradability

2USGS Drake et al. 2015; Spencer et al. 2015; Vachon 2015
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., Il., lll. Carbon source, residence time & degradability
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Thanks!
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